A single screen display of variables monitored during anaesthesia may be ergonomically superior to the 'stack' of monitors seen in many anaesthetising locations. A system based on a MacLab (Analogue Digital Instruments) analogue-to-digital convertor used in conjunction with a Macintosh computer was evaluated. The system was con figured to provide trend displays of up to eight variables on a single screen. It wasfound to be a useful adjunct to monitoring during anaesthesia. Advantages of this system are low cost,flexibility, and the quality of the software and support provided. Limitations of this and other similar systems are discussed.
The number and variety of monitors in routine use during routine anaesthesia has increased, making the task of interpretation and comprehension of the monitored variables more complex. The anaesthetist may face five or more monitors, each with its own different style of display and operation. While this proliferation may look spectacular, the poor ergonomics of the whole system may actually impair utilisation of the information and possibly reduce patient safety. There is a need for integration of data display and standardisation of the display format.
The eventual solution may be a totally redesigned anaesthetic working environment; I however, in the interim, improvement and integration of monitors and automation of data collection may assist the anaesthetist. Automated data collection systems have demonstrated the inaccuracies that occur in the handwritten anaesthetic record. 2 ,3 The differences may occur because not every item of data collected is recorded and because the records are made a variable period after the events have occurred.
Integration of monitoring can be achieved in several ways. Alternatives include the use of a single integrated monitor, commercial anaesthetic record keeping systems 2 and 'in-house' computer based data acquisition systems. 4 -6 The cost of commercially produced systems may be prohibitive for departments struggling to upgrade basic monitoring, especially as a change to some form of integrated monitor may mean replacing equipment that is only a few years old. Various systems based on microcomputers have been developed,4,5 but these are often dependent on a single enthusiastic individual for development and maintenance. Occasionally the time and effort involved in development or continual modification has led to these systems being abandoned. 6 ,7 To be of practical use therefore, an integrated monitoring system needs to be easy to set up and use, versatile, relatively inexpensive and require minimal ongoing development and maintenance of software and hardware. With these points in mind we evaluated the use of an Apple Macintosh computer and a MacLab (Analogue Digital Instruments) analogue to digital convertor as an integrated data logger and trend display during routine anaesthesia. SYSTEM CONFIGURATION MacLab is an eight-channel, twelve-bit analogueto-digital convertor designed for use with an Apple Macintosh computer. This system allows collection of a wide variety of physiological signals. The supplied software allows easy configuration using a typical Macintosh mouse/menu interface.
MacLab will function with any of the current range of Macintosh computers, including the 'Plus', with system software of version 6 or greater. Current prices are $A4900 for MacLab and approximately $A2500 for an entry level Macintosh.
Sampling rates can be varied from 0.2 Hz to a maximum of 400 Hz for one channel decreasing to a maximum of 40 Hz if all eight channels are used simultaneously. Sampling rates up to 100 kHz can be used for short 'bursts'. Full scale deflection can be varied from 10 m V to 10 V with an effective resolution of 0.25% of the full scale.
The amount of data displayed on the screen at one time can be varied over a wide range. At a sampling rate of 5 Hz, between 85 seconds and two hours of collected data can be displayed. This allows inspection of waveforms or display of trends as appropriate.
Analogue signals are readily available from most monitors used during anaesthesia. A wide variety of data can be collected, including Sa02, noninvasive automatic BP (systolic and diastolic), Fco2, F02, temperature, Fanaesth, pulse rate, direct pressure measurement and inpiratory and expiratory gas flows by connecting the selected monitor to the MacLab with an appropriate cable. Set-up combinations for display and sampling speeds of commonly used combinations of signals are able to be stored on disks and can be rapidly recalled. New combinations of signals and display format can be set up in less than five minutes. In use, the system displays the current value for each of up to eight variables and the trend over the previous 30 or 60 minutes. Comments can be added to the record at any time. Data is recorded on disk for later printing, analysis or review. ApPLICATION We have used this system on thirty cases and have found a single screen display of all parameters and trends to be a useful adjunct to monitoring in clinical anaesthesia. In addition the ease of data collection has been of benefit for research applications. Figures 1 and 2 show examples of the screen display as it appears in use. Thirty minutes' data is displayed across the screen. In Figure 1 , at mark 1, a gradual fall in pulse rate and blood pressure is clearly visible from induction, until the administration of atropine at mark 2. Also apparent is the dip in oxygen saturation occurring during induction in a patient who had not been preoxygenated. Figure 2 illustrates a case in which direct measurement of arterial pressure was used. The rise in blood pressure following skin incision at mark 3 and the subsequent return to near baseline values over a twenty-minute period is obvious. In use, a changing trend becomes apparent to the anaesthetist before a change in the absolute value is noticed. Once a user is familiar with use of the MacLab and computer, the system could be set up, connected to the monitors, configured and in use within five minutes. DISCUSSION A full review of the uses and capabilities of the MacLab analogue-to-digital convertor and the associated software is beyond the scope of this paper. Several hundred units have been sold worldwide. The MacLab is in widespread use in several departments of the University of Otago, including physiology and pharmacology where it is used in both undergraduate teaching and research.
The MacLab/Macintosh system has proved an extremely useful adjunct to monitoring in routine anaesthesia. It can be connected and configured for use with a wide variety of monitors in a few minutes. This whole system has the advantage of the support and relative freedom from 'bugs' of a commercial product, while being reasonably priced.
Because this system is not purpose-designed for anaesthesia, it does have some drawbacks. All channels are sampled at the same rate and when using invasive monitoring (requiring sampling rates of 10-20 Hz), a large amount of redundant data is produced. However, because of the data compression algorithms used by the software, it can still take up to six hours to fill a standard floppy disk. It is not possible to alter the configuration while recording data. This is only a problem when it is desired to change the duration of the trend display to examine a shorter or longer time period, or when setting up new configurations. In fact several monitors in use in anaesthesia either have a fixed duration of trend display (e.g. Datex Satlite), or lose all the stored data if the duration of trend display is altered (e.g. Nihon Kodan Lifescope 6). At times there may be more than eight channels of interest, but we have found six to be the maximum that can be comfortably viewed on a standard Macintosh screen. Variables can be recorded without being displayed and large format screens are now available for the Macintosh.
In addition to the analogue signals, many modern monitors produce data in a digital form which can be collected at the time or 'dumped' to a computer or printer later; using such a system for collection of data from several different monitors would require the production of dedicated software. A system based on analogue signals such as the MacLab has added flexibility and is easier to implement.
The Macintosh/MacLab combination provides a simple means of integrated monitoring during anaesthesia. It allows display of up to eight variables, and their trends, on a single screen. The system is considerably cheaper than much equipment purpose-built for anaesthesia and is simple to set up and to use. Use of systems like MacLab may improve the quality of patient care and the accuracy of record-keeping.
